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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Two or more piezo electric crystal layers An internal electrode arranged between piezo electric crystal layers 
An external electrode formed in the side in which an internal electrode was pulled out, and a top and an underside It is 
the connection structure of an internal electrode of a laminating mold piezo electric crystal element, and an external 
electrode equipped with the above, and while forming pore in a piezo electric crystal layer near an external electrode of 
a top and an underside, an electrical conducting material is made to permeate the interior, and it is characterized by 
making it make it flow through each internal electrode and an external electrode of a top and an underside through an 
external electrode formed in this electrical conducting material and the side. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the connection structure for connecting electrically in detail the 
external electrode formed in the top and the underside, and the internal electrode arranged between piezo electric crystal 
layers about a laminating mold piezo electric crystal element. 
[0002] 

[Description of the Prior Art] As a laminating mold electrostrictive actuator using a piezo electric crystal For example, 
as shown in drawing 4 , while arranging the internal electrode 52 which has partial electrode structure among two or 
more piezo electric crystal layers 51 The laminating mold piezo electric crystal element 55 which arranges the external 
electrode 54 and becomes so that it may turn to the top and an underside from the side in which the internal electrode 52 
of the layered product 53 which consists of a piezo electric crystal layer 51 and an internal electrode 52 was pulled out 
While accumulating more than one through a metal plate 56 and connecting the predetermined metal plate 56 with lead 
wire 57, the laminating mold electrostrictive actuator of the structure fixed according to the spring pressure is proposed. 
[0003] In addition, in the laminating mold piezo electric crystal element 55 which constitutes the above-mentioned 
laminating mold electrostrictive actuator, as shown in drawing 5 , the internal electrode 52 is pulled out by turns by the 
edge by the side of reverse so that it may flow with the external electrode 54 ( drawing 4 ) of the side by the side of 
reverse to set further. 

[0004] Moreover, as an external electrode 54, the thick-film electrode is used in consideration of the soundness of a 
flow with an internal electrode 52. 

[0005] And in this laminating mold electrostrictive actuator, the external electrode 54 formed so that it might turn even 
to each metal plate [ which was inserted between each laminating mold piezo electric crystal element 55 ] 56 and 
laminating mold piezo electric crystal element 55 top and an underside is only contacted, and there is the advantage in 
which a flow with an internal electrode 52 and a metal plate 56 is obtained. 
[0006] 

[Problem(s) to be Solved by the Invention] However, in the above-mentioned laminating mold electrostrictive actuator, 
since it is formed so that the external electrode 54 of the laminating mold piezo electric crystal element 55 may turn 
even to a top and an underside from the side of a layered product 53, as shown in drawing 6 , in the corner of a layered 
product 53, it rises to the external electrode 54 (wen), 58 occurs, and the surface smoothness of the laminating mold 
piezo electric crystal element 55 top and an underside is spoiled. Therefore, when two or more laminating mold piezo 
electric crystal elements 55 are accumulated through a metal plate 56, a condition (connection fixed condition) becomes 
instability in accumulation, and there is a trouble that it is certainly unfixable, or destruction arises according to external 
force when it is used as a laminating mold electrostrictive actuator. 

[0007] This invention aims at offering the connection structure of the internal electrode of the laminating mold piezo 
electric crystal element which can connect certainly the external electrode formed in the top and the underside, and the 
internal electrode arranged between piezo electric crystal layers, and an external electrode, without solving the above- 
mentioned trouble and spoiling the surface smoothness of a laminating mold piezo electric crystal element top and an 
underside. 
[0008] 

[Means for Solving the Problem] In order to attain the above-mentioned object, connection structure of an internal 
electrode of a laminating mold piezo electric crystal element of this invention, and an external electrode The side in 
which two or more piezo electric crystal layers, an internal electrode arranged between piezo electric crystal layers, and 
an internal electrode were pulled out, And a laminating mold piezo electric crystal element which comes to have an 



hrtp://ww4.ipdl.jpo.go.jp/cgi-bire^i^b( i ^el^ / ; 1 /\ ■) 0 n 0 / / 0 S / ? 0 0 £> 



2/18/2004 



Page 2 of 4 



external electrode formed in a top and an underside, While being the connection structure for connecting said internal 
electrode at least to one side of an external electrode of said top and an underside and forming pore in a piezo electric 
crystal layer near an external electrode of a top and an underside An electrical conducting material is made to permeate 
the interior, and it is characterized by making it make it flow through each internal electrode and an external electrode of 
a top and an underside through an external electrode formed in this electrical conducting material and the side. 
[0009] In addition, this invention includes not only when connecting an internal electrode to both external electrodes of 
a top and an underside, but connection structure in a case of connecting an internal electrode only to either of the 
external electrodes of a top and an underside. 

[0010] In connection structure of an internal electrode of a laminating mold piezo electric crystal element of this 
invention, and an external electrode, as a method for forming pore in a predetermined piezo electric crystal layer 
selectively For example, while performing degassing processing to a green sheet of a piezo electric crystal layer which 
does not mean forming pore It is possible to use a method of forming pore by not performing degassing processing or 
performing processing in which air bubbles are made to mix positively to a green sheet of a piezo electric crystal layer 
which should form pore. 

[001 1] Moreover, a method of making an electrical conducting material permeating in pore of a piezo electric crystal 
layer etc. can be used by applying and calcinating conductive paste to a green sheet of a piezo electric crystal layer 
which formed pore in pore as mentioned above as a method which an electrical conducting material is made to 
permeate. 

[0012] In addition, while forming pore in a predetermined piezo electric crystal layer selectively, it is not restricted to an 
above-mentioned method and a method of making an electrical conducting material permeating in pore can also use a 
method of further others. 
[0013] 

[Function] In the connection structure of the internal electrode of the laminating mold piezo electric crystal element of 
this invention, and an external electrode, while forming pore in the piezo electric crystal layer in the location near an 
external electrode selectively, conductivity is given to this piezo electric crystal layer by making an electrical 
conducting material permeate that interior. Therefore, it becomes possible to make it flow through each internal 
electrode and the external electrode of a top and an underside through the external electrode formed in the side, and the 
piezo electric crystal layer to which conductivity was given, without rotating the external electrode (it having flowed 
with each internal electrode) formed in the side even on the top and the underside like the conventional laminating mold 
piezo electric crystal element. 

[0014] So, generating of climax (wen) of the external electrode (thick-film electrode) in the corner of a layered product 
which is seen when rotating the external electrode formed in the side of a layered product even on a top and the 
underside like the conventional laminating mold piezo electric crystal element is prevented. It becomes possible to make 
it flow through each internal electrode and the external electrode of a top and an underside certainly, securing the 
surface smoothness of a laminating mold piezo electric crystal element top and an underside. 
[0015] 

[Example] The place by which shows the example of this invention and it is characterized [ that ] hereafter is explained 
in more detail. Drawing 1 is the cross section showing the laminating mold piezo electric crystal element which 
connected the internal electrode and the external electrode according to the connection structure concerning one 
example of this invention. 

[0016] Two or more piezo electric crystal layers 1 to which the laminating of this laminating mold piezo electric crystal 
element 5 was carried out (piezo electric crystal layer which consists of a titanic-acid lead zirconate system material), It 
has the external electrodes 4a and 4b formed in the side in which the internal electrode 2 of the layered product 3 which 
comes to have the internal electrode 2 arranged among two or more piezo electric crystal layers 1 , and two or more 
piezo electric crystal layers 1 and internal electrodes 2 was pulled out, and the external electrodes 14a and 14b formed in 
the layered product 3 top and the underside, and is constituted. 

[0017] And while Pores 10a and 10b are formed in the center section of the piezo electric crystal layer 1 (namely, the 
maximum upper layer 1 (la), its following piezo electric crystal layer 1 (lb), the piezo electric crystal layer 1 (lc) of the 
lowest layer, and its following piezo electric crystal layer 1 (Id)) in the location near the external electrodes 14a and 14b 
of a top and an underside The electrical conducting material (electrode for a flow) 1 1 (1 la, 1 lb) is arranged in the 
interior. In addition, in the laminating mold piezo electric crystal element 5 of this example, in the external electrodes 4a 
and 4b of the side, the internal electrodes 2 (2a) and 2 (2c) nearest to the external electrodes 14a and 14b of a top and an 
underside do not flow, but are arranged in the condition of having floated, and they are constituted so that it may 
function as a junction electrode. 
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[001 8] And while 2nd internal electrode 2b flows with external electrode 14a on top from the maximum upper layer 
through internal electrode 2a which functions as the electrical conducting material 1 1 (1 la) and junction electrode in 
pore 10a Each internal electrode 2 which was pulled out by one side (left-hand side side), and was connected to external 
electrode 4a is connected to external electrode 14a on top through the path external electrode 4a-> internal electrode 2b- 
> electrical conducting material 1 la-> internal electrode 2a-> electrical conducting material 11a. 
[0019] Moreover, while 2d of 2nd internal electrodes flows in external electrode 14b at the bottom from the lowest layer 
through internal electrode 2c which functions as the electrical conducting material 11 (1 lb) and junction electrode in 
pore 10b Each internal electrode 2 which was pulled out by the side (right-hand side side) of another side, and was 
connected to external electrode 4b is connected to external electrode 14b at the bottom through the path 2d -> electrical 
conducting material 1 lof external electrode 4b-> internal electrodes b-> internal electrode 2c-> electrical conducting 
material 1 lb. 

[0020] Therefore, it sets for the laminating mold piezo electric crystal element 5 of this example. The external 
electrodes 4a and 4b formed in the side of a layered product 3, internal electrode 2a, 2b, 2c, 2d, and electrical 
conducting materials 11a and 1 lb are minded without rotating the external electrodes 4a and 4b formed in the side of a 
layered product 3 even on a top and the underside. It becomes possible to make it flow through each internal electrode 2 
and the external electrodes 14a and 14b of a top and an underside. 

[0021] So, generating of climax (wen) of the external electrode (thick-film electrode) in a corner which is seen when 
rotating the external electrode formed in the side of a layered product even on a top and the underside like the 
conventional laminating mold piezo electric crystal element is prevented. It becomes possible to make it flow through 
an internal electrode 2 and the external electrodes 14a and 14b of a top and an underside certainly, securing the surface 
smoothness of the laminating mold piezo electric crystal element 5 top and an underside. In addition, it can be made to 
flow through an internal electrode 2 and the external electrodes 14a and 14b of a top and an underside in resistance of 
lOohms or less in the laminating mold piezo electric crystal element 5 of the above-mentioned example. 
[0022] Next, the manufacture method of the laminating mold piezo electric crystal element of the above-mentioned 
example is explained. In manufacturing the above-mentioned laminating mold piezo electric crystal element, like the 
manufacture method of the usual laminating mold piezo electric crystal element, first, in order to manufacture a piezo 
electric crystal layer (green sheet), weighing capacity of the raw material is carried out, and it is ground, and after 
mixing and carrying out degassing with a binder, it fabricates in the shape of a sheet, and pierces in a predetermined 
configuration. And an internal electrode is printed to this. 

[0023] In addition, about the green sheet of the piezo electric crystal layer which does not mean forming pore, pore is 
formed by not performing degassing processing to the green sheet of the piezo electric crystal layer which should form 
pore on the other hand which performs degassing processing (degassing processing is performed to the usual green sheet 
since a short circuit arises between the green sheets which adjoin if pore arises in a green sheet). In addition, you may 
make it form pore in the green sheet of a predetermined piezo electric crystal layer by it not only not to performing 
degassing processing, but performing processings (stirring etc.) in which air bubbles are made to mix positively. 
[0024] And after printing an electrode material (for example, conductive paste) by the predetermined pattern to a green 
sheet and carrying out laminating sticking by pressure of each piezo electric crystal layer (green sheet), a layered 
product is obtained by calcinating with a predetermined burning temperature. In this layered product, while the internal 
electrode of a predetermined partem is arranged between piezo electric crystal layers, in the predetermined piezo electric 
crystal layer in which pore was formed, an electrical conducting material permeates in that pore, and it has come to have 
conductivity. 

[0025] Next, the lap of the obtained layered product top and the underside is carried out, and the laminating mold piezo 
electric crystal element 5 as shown in drawin g 1 is obtained by what (it is made for the external electrode of a top and an 
underside not to reach even the comer of a layered product at this time) an external electrode is formed in the side in 
which the internal electrode was pulled out, and a top and an underside, for. 

[0026] And since this laminating mold piezo electric crystal element 5 has the flat top and underside, as shown in 
drawing 2 Since two or more laminating mold piezo electric crystal elements 5 are accumulated through a metal plate 6, 
it is stabilized and the laminating mold piezo electric crystal element 5 can be accumulated, when forming a laminating 
mold electrostrictive actuator by fixing according to mechanical force, such as a spring pressure, Connection 
immobilization of two or more laminating mold piezo electric crystal elements 5 can be carried out certainly, and a 
reliable laminating mold electrostrictive actuator can be obtained. 

[0027] Moreover, as shown in drawing 3 , two external electrodes 14a and 15a through which each internal electrode 2 
pulled out by the side which is different in ** flows, and 14b and 1 5b are formed in the laminating mold piezo electric 
crystal element 5 top and an underside. (However, Pores 12a and 12b are formed in the portion in which the above- 
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mentioned external electrodes 14a, 14b, 15a, and 15b of the piezo electric crystal layers 1 (la) and 1 (lc) of the 
maximum upper layer and the lowest layer were formed.) While connecting directly the external electrodes 14a and 14b 
which counter ** in the plane of composition where electrical conducting materials 13a and 13b are made to permeate 
the interior, and 15a and 15b By pasting up each laminating mold piezo electric crystal element 5 with adhesives 9, it 
makes it unnecessary to arrange a metal plate or to connect the external electrode which soldered lead wire and was 
formed in the side, and it becomes possible to simplify the structure and the manufacture method of a laminating mold 
electrostrictive actuator. 

[0028] In addition, when formed pore in the maximum upper layer in which the external electrode of a top and an 
underside is formed, its following piezo electric crystal layer, and the lowest layer and its following piezo electric 
crystal layer in the above-mentioned example, the electrical conducting material was made to permeate the interior and 
conductivity is given ( drawing 1 ), Although the case ( drawin g 3 ) where formed pore only in the piezo electric crystal 
layer of the maximum upper layer and the lowest layer, made the electrical conducting material permeate the interior, 
and conductivity was given was explained The piezo electric crystal layer which form pore selectively, and an electrical 
conducting material is made to permeate that interior in this invention, and should give conductivity is not what is 
restricted to these. It is also possible to constitute so that an electrical conducting material may be made to permeate two 
or more piezo electric crystal layers near the external electrode of a top and an underside if needed and conductivity 
may be given. In addition, in that case, in order to make conductivity easier to obtain, it is desirable to print an electrode 
material to each green sheet with which pore was formed. 

[0029] in addition , this invention be limit to the above-mentioned example in other points , and can add various 
application and deformation within the limits of the summary of invention about the component of the class of electrical 
conducting material which should be make to permeate the class of material which constitute a piezo electric crystal 
layer , a presentation or the concrete configuration and the concrete number of laminatings of a piezo electric crystal 
layer , and pore , an internal electrode , and an external electrode , its pattern , etc. 
[0030] 

[Effect of the Invention] As mentioned above, the connection structure of the internal electrode of the laminating mold 
piezo electric crystal element of this invention, and an external electrode Since he is trying to make it flow through each 
internal electrode and the external electrode of a top and an underside through the external electrode which the electrical 
conducting material was made to permeate the interior, and was formed in this electrical conducting material and the 
side while forming pore in the piezo electric crystal layer near the external electrode of a top and an underside It 
becomes possible to connect certainly the external electrode formed in the top and the underside, and the internal 
electrode arranged between piezo electric crystal layers, rotating an external electrode even on a top and the underside 
from the side, and it becoming unnecessary to form like the conventional laminating mold piezo electric crystal element, 
and securing the surface smoothness of a top and an underside. 

[0031] Therefore, when two or more laminating mold piezo electric crystal elements are accumulated and it constitutes 
a laminating mold electrostrictive actuator, it becomes possible to excel in the stability of (connection immobilization) 
in accumulation of a laminating mold piezo electric crystal element, and not to destroy according to external force, and 
to obtain a reliable laminating mold electrostrictive actuator. 



[Translation done.] 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 6] 
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[Translation done.] 
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